Recently attention has been directed to the various non-metastatic neurological manifestations of malignant diseases, and myeloma, noted for its presentation by signs of compression and infiltration, is less widely known in association with chronic symmetrical polyradiculoneuropathy. This paper discusses certain clinical aspects of this neuropathy.
We have found 16 accounts of the association with multiple myeloma (Table I) , and seven with 'single' myeloma (Table II) . These numbers do not include certain other reports (Kurnick and Yolahem, 1948 , cases 1 and 3; Madonick and Solomon, 1953; Victor, Banker, and Adams, 1958 , case 5; Williams, Diamond, Craver, and Parsons, 1959 , case J. G.; Barron, Rowland, and Zimmerman, 1960; and Bibliography-1'2), some of which do not describe the cases; in some the clinical picture was complicated by myelomatous compression or infiltration, or amyloid deposition, and in some the neuropathy was not a chronic symmetrical polyradiculoneuropathy. In two recent descriptions the writers comment on the unusual osteosclerotic myeloma in their cases (Small, Moxon, and Woolf, 1961; Aguayo, Thompson, and Humphrey, 1964) , and ask whether this is more than a chance association. Aguayo et al. (1964) Brain (1965) Murphy and Little (1966) This report (case 4) Osteolytic radiologicalfeatures Kurnick and Yolahem (1948) case 2 Victor et al. (1958) case 3 Williams et al. (1959) case R. S. Furtado (1959) Ojea et al. (1961) No radiological abnormality Berlin (1946) Estes and Millikan (1954) Clarke (1956) Victor et al. (1958) Radiographs of the pelvis revealed an osteolytic area in the right acetabulum ( Fig. 4) (Fig. 10) , but in the right pubic bone was a large lytic lesion (Fig. 11) , biopsy of which revealed myeloma (Fig. 12) ' an increase in the number and density of the sclerotic nodules and the pubic lesion has progressed. The latter could be a plasmacytoma and the multiple lesions in the rest of the skeleton are the rare sclerosing type of multiple myeloma. ' Gradual deterioration continued over the next 14 months with further weight loss, increasing oedema, ascites, and anaemia. The skin became pigmented and thickened and prominent axillary lymphadenopathy appeared. He was treated variously with methotrexate, busulphan, and prednisolone, until he died in January 1966.
At necropsy the spleen was greatly enlarged and there was an increase in retroperitoneal fat which was hard in consistency. Sections were taken from this fatty tissue, para-aortic lymph nodes, spleen, lung, liver, heart, and pancreas. No neuropathological specimens were obtained. The only microscopic findings were in the lymph nodes, fatty tissue, and spleen, numerous plasma cells appearing in each. The original pubic bone biopsy (Fig. 12) (Madonick and Solomon, 1953) . These criteria are generally consistent with those of the Landry-Guillain-Barre syndrome (Wiederholt, Mulder, and Lambert, 1964) .
There was a clear male preponderance (20:7), with a peak age incidence of 35 to 55 years (16 cases) ( Tables I and II ). In the later stages there was sometimes peripheral cyanosis, finger clubbing, or oedema (Crow, 1956; Gupta and Prabhakar, 1965 Tables I and II) . Furthermore 10 patients had the uncommon 'single' form of myeloma (Table II) . We note that in four cases (Furtado, 1959; Brain, 1965; Murphy and Little, 1966 ; and case 3 of this report) the radiological abnormality was probably present some time before the onset of the polyneuropathy.
These uncommon radiological forms of myeloma might be sought in any chronic progressive polyneuropathy of the Landry-Guillain-Barre type. However, it is equally important to pursue myeloma even without these changes, for in five patients in this review no radiological abnormality was found (Table I) .
Other (Tables I and II) , and seven of them were improved by treating the myeloma, especially with radiotherapy (Tables I  and II) . Radiotherapy to the lesion was not employed in any of the fatal 'single' myeloma cases and was used in only one fatal case of multiple myeloma. We note that experience with steroids was discouraging (Tables I and II) .
The reversibility of this otherwise fatal polyradiculoneuropathy applies particularly to the localized myeloma, to which radiotherapy might be specifically directed. Where 'single' myeloma is surgically accessible, the lesion might be resected with yet higher hopes. We bellum, or brainstem. The changes consist of myelin fragmentation and macrophage invasion in the peripheral nerves and spinal roots, chromatolysis of anterior horn cells and dorsal root ganglia, and variable gliosis and demyelination in the posterior columns of the spinal cord. Amyloid and myelomatous infiltration are not present. These changes are accepted as being identical to those of carcinomatous mixed sensory-motor neuropathy (Victor et al., 1958; Small et al., 1961; Simpson, 1962; Rushton, 1965) .
The histology of the osteosclerosis is described briefly by Victor et al. (1958) , Aguayo et al. (1964) , Rushton (1965) , and in our case 1. There was dense new bone formation in the intertrabecular spaces accompanied by increased reticulin surrounding the myeloma and loss of bone within the lesion. The radiologically lytic lesion of our case 2 also showed this histological picture.
DISCUSSION

RELATIONSHIP OF POLYRADICULONEUROPATHY TO
MYELOMA The relationship to myeloma appears indisputable by its response to treatment of the myeloma.
The unusual radiological characteristics have been stressed. It may be either localized (or 'single'), or osteosclerotic, itself either single or multiple. Particularly uncommon is the osteosclerotic myeloma, of which we could find only 33 examples in the literature (Tables I and II; Bibliography1l28 ); yet 13 of these cases were complicated by this neuropathy. Attention has already been drawn to the sclerosis by Small et al. (1964) . We cannot say whether the sclerosis is that seen with 'myeloproliferative' disorders (Videbaek, 1956; Brody, Beizer, and Schwartz, 1964) , whether new bone is formed by the myeloma (Kinare, Parulkar, Panday, and Sen, 1965) , or whether it is merely a non-specific bone reaction. The interesting fact is that when LandryGuillain-Barre polyneuropathy complicates myeloma, 'typical' myeloma is unusual.
RELATIONSHIP TO NEUROPATHIES OF OTHER MALIG-
NANT DISEASE Like previous authors we are impressed by the clinical similarities of the sensorimotor polyneuropathies of myeloma and carcinoma. There is the same protracted course and the same incomplete correlation between the severities of the neoplasm and the neuropathy. Both forms show similar age peak incidence and male predominance, and Brain and Henson (1958) comment on the characteristically raised protein level in the cerebrospinal fluid without increase in cells in carcinomatous mixed polyneuropathy. Furthermore, as mentioned above, the pathologies are the same. We also note that a sensory neuropathy similar to that of carcinoma has been described with myeloma (Victor et al., 1958, case 5) .
Our impression is that the sensorimotor polyneuropathies of carcinoma and myeloma are similar if not identical, and have similar pathogeneses. Therefore, since radiotherapy seems to be of value in myelomatous mixed polyneuropathy, it may be of use in its carcinomatous counterpart.
ROLE OF DISTURBED IMMUNOLOGICAL MECHANISMS
The pathogenesis of myelomatous polyradiculoneuropathy has provoked much conjecture. Cachexia and malnutrition do not account for such cases in which the myeloma remains localized. Berlin (1946) suggested that abnormal serum proteins slowed capillary flow in the nutritional vessels of the nerves, but this hypothesis leaves unexplained the rarity of the neuropathy despite the frequency of these protein abnormalities, and its occurence when these proteins cannot be detected. Myelomatous infiltration of nerves occurs (e.g., Barron et al., 1960) , but was not found in a number of the cases in this review, despite careful search. A 'toxin' might be responsible, but its nature would be uncertain.
Paramyloid deposition in peripheral nervous tissue must also be considered. This was not seen in these cases, but it remains a theoretical possibility. However, Victor et al. (1958) point out that in none of the reported cases of amyloid neuropathy was multiple myeloma associated, and find that this suggestion lacks pathological confirmation. Simpson (1962) It is probable that the Landry-Guillain-Barre syndrome results from immunological disorder, a theory which has been reviewed by Miller (1957) and Simpson (1962), and Melnick (1963) has contributed a further study. The classical experimental studies by Waksman and Adams (1955, 1956 ) lend further support to this theory.
It is now accepted that in myeloma the plasma cells produce the immunoglobulins or antibodies (Nossal, 1965; Kunkel, 1965) . As experimental myeloma progresses there emerges one particular strain of cells (Potter, 1962) ; this situation may well occur in man (Bachmann, 1965) . Waldenstrom, Winblad, Hallen, and Liungman(1964) found that myelomatous plasma cells continue to form the same pattern of immunoglobulins as their ancestral plasma cells, and there sometimes results the production in great amount of one 'specific' antibody without an inducing antigen. In this way antibodies may well be formed that react against peripheral nervous tissue components to cause a progressive polyneuropathy. Presumably the osteosclerotic propensity might be coupled with this production of antibodies 'specific' to peripheral nerve constituents. This theory would be consistent with the occurrence of neuropathy even with a small plasmacytoma, and with its arrest or reversibility with radiotherapy. These antibodies could be equivalent to the 'toxins' postulated by earlier writers, and also represent a form of abnormal protein metabolism as proposed by Simpson (1962) .
There is evidence of circulating antibody to nervous tissue in carcinomatous sensory neuropathy (Wilkinson, 1964; Croft, Henson, Urich, and Wilkinson, 1965; Wilkinson and Zeromski, 1965; Alvord, 1965) . However, antibodies are yet to be found in the mixed polyneuropathies, either carcinomatous or myelomatous, and the evidence for them being due to immunological disturbance remains at the best circumstantial. Nevertheless this has the attraction of a unifying concept, linking acute 'infective' polyneuritis on one hand, the neuropathies of the collagen diseases on another, and those of carcinoma, myeloma, and perhaps the reticuloses on another. SUMMARY Four further cases are described and the literature is reviewed of the association of a chronic polyradiculoneuropathy with myeloma, 27 cases in all.
This study establishes an earlier suggestion that there is a very significant association of the rate osteosclerotic form of myeloma with this chronic polyradiculoneuropathy. It also shows that this otherwise fatal polyradiculoneuropathy is reversible by treatment specific for myeloma, particularly radiotherapy.
The relationship of this polyradiculoneuropathy to that sometimes seen with other malignancies is discussed, and its pathogenesis with reference to possible disturbance of immunological mechanisms. 
